Fretting is a complex phenomenon, it alters the stress and strain fields in the contact region between two bodies, due to micro-slip, which decreases the fatigue resistance of materials. This study investigates the effect of stress-relieving slots, machined in flat pads, on the fretting fatigue behavior of Ti6Al-4V alloy. Three types of slots including U-notch, V-notch, and a simple hole were used. Conventional fretting fatigue model, involving a contact between a flat pad with rounded edges and a fatigue specimen loaded by a cyclic axial load, was used. Several fretting fatigue parameters such as the maximum tensile stress, Smith Watson Topper, Maximum Shear Stress Range, and MSSR parameters were considered for this study. The stress, strain, and displacement distribution in the contact region of fatigue specimen were computed using the finite element analysis code ABAQUS. The data were used to calculate the fretting fatigue parameters and evaluate the effectiveness of the slots in improving the fretting fatigue resistance.
INTRODUCTION
Fretting is a surface damage process arising from the micro-slip at the contact surfaces due to oscillatory motion of clamped members. There is a synergistic competition among wear, corrosion, and fatigue processes driven by both the micro-slip at the contact surface and the applied cyclic loads. This type of condition occurs in bolted and riveted joints, shrink-fitted shafts, blade/disk dovetail joint in turbine engines, etc. Fretting contact develops a stress concentration at the trailing edge of the contact zone, where fretting fatigue cracks nucleate and propagate, leading to failure at stress levels well below the fatigue limit of the material. In several practical situations, the detection of fretting fatigue crack initiation and propagation during service is extremely difficult, such as in dovetail joints. Further, the blade/disk attachments (dovetail joints) in gas turbine engines commonly fail due to fretting fatigue under High Cycle Fatigue (HCF) condition as these along with other engine components experience high frequency vibrational loads often superimposed on a high mean stress. In high cycle fatigue situation as seen by blade/disk attachment in turbine engines, the crack nucleation and initiation phase dominates and consumes approximately 80 ~ 90% of the fatigue life [1] . Since crack nucleation and initiation in fretting fatigue normally occurs in the contact region where the stress state is of multi-axial nature, therefore critical plane based fatigue models/criteria/parameters have been used to investigate the fretting fatigue crack initiation behavior [2] .
Since fretting fatigue is often the origin of catastrophic failure in many machine components, therefore, several methods to improve the fretting fatigue strength have been suggested [2] . These methods fall broadly into two categories: (1) those which involve surface modification [3] and (2) those relying on component design modification to directly influence the stress and strain distribution in the contact zone. The first group involves application of hard/soft coating or shot-peening of the components. The second group is based on the modification of the contact geometry to change the stress distribution in the contact zone.
RESULTS AND DISCUSSIONS
Both specimen and pads were made from a forged titanium alloy, Ti-6Al-4V plate material. The material has elastic modulus of 126 GPa, yield strength of 930 MPa, and BHN of 302. A dog-bone shaped test specimen with a flat pad with rounded edges was used. These pads had a U-slot, V-notch, or a circular hole as shown in Figure 1 . In all the runs a normal load P = 4005 N, tangential load, Q = 340 N, and an axial stress, σ = 205.8 MPa was applied. Figure 2 shows the variation of normalized tensile stress (σ xx /p o ) in the contact surface for the slotted (U-slot) and unslotted pads, where p o is the Hertzian peak pressure. This Fig. 1 . Schematic of the fretting fatigue model using a slotted flat pad with rounded edges parameter was used because it is simple, easy to understand, and is widely used to estimate the fretting fatigue life of components. The maximum normalized stress was found to be 7.5 for the un-slotted pad and 4.8 for the slotted pad, resulting in a stress reduction of almost 36%. The decrease in maximum tensile stress was attributed to the reduction in pad stiffness. Figure 3 shows the variation of SWT parameter as a function of slot dimensions. The parameter decreases as the slot length increases and the slot height (h) decreases. Similar observations were made with respect to other parameters also. It appears that the slot length has the most significant effect in reducing the fretting fatigue parameters and the effect of slot height and slot width is minimal. Of all the slot types, U-slot was found to be most effective in improving the fretting fatigue resistance. Figure 4 shows the variation of MSSR parameter with fretting fatigue life (cycles to failure) for the slotted, unslotted, and cylindrical pads. This parameter is known to closely predict the fretting fatigue life. The fretting fatigue life of the specimens with slotted pads almost doubled. Furthermore, the points lie within the scatter band of the fatigue life, thus, verifying the use of slotted pads as a means of improving fretting fatigue resistance. 
